The beluga sturgeon is considered as the most important species for caviar production. This study aimed to evaluate effects of photoperiod manipulation on growth factors of beluga sturgeon. 
INTRODUCTION
The family Acipenseridae is comprised of four genera and 27 species. Almost all sturgeon species are endangered in recent decades. Sturgeon populations have suffered from overfishing, loss of habitat, and the deterioration of water quality (May et al., 1997; Kynard, 1997) . Sturgeons are particularly long-lived animals (up to 100 years in the wild) that take 5-30 years to reach sexual maturity and after the first sexual maturity, maturation and spawning occurs every 2-4 years (Billard and Lecointre, 2001 ). However, stocks of sturgeons are decreasing dramatically (Ronyai and Varadi, 1995) , the total sturgeon catches and caviar production in Iran in 1993 was 1710 and 106 t, while in 2006 it decreased to 330 and 31.3 t, respectively (IFO, 2007) . Sturgeon culture can provide an alternative source of meat and caviar in addition to wild stocks. *Corresponding author. E-mail: mghomi@tonekabon.iau.ac.ir.
Abbreviations: SGR, Specific growth rate; FCR, feed conversion ratio; L, light regime or photoperiod; D, dark period; SD, standard deviation; SEM, standard error of mean.
Environmental and nutritional factors as well as genetic notably influence fish growth. In addition to temperature, photoperiod is an important factor that affects living organisms including fishes. Effects of photoperiod on growth rate and other variables has been studied in various species (Saunders and Harmon, 1988; Krakenes et al., 1991; Imsland et al., 1995; Davis et al., 1999; Jonassen et al., 2000; Kissil et al., 2001; Petit et al., 2003; Trippel and Neil, 2003; Norberg et al., 2004; Bayarri et al., 2004; Blancas-Arroyo et al., 2004; Taylor et al., 2006; Valenzuela et al., 2006; Bonnet et al., 2007; Ruchin, 2007) . Very little information exists regarding effects of photoperiods on growth of beluga Huso huso, especially considering the species is the most commonly cultured sturgeon in Iran and its caviar as the most expensive product in the world. The objective of the present study was to examine the growth responsiveness of beluga sturgeon to photoperiod manipulation.
MATERIALS AND METHODS
Fish were obtained from artificially spawned broodstocks collected from Marjani sturgeon fish farm (Gorgan, Iran) and then transported to Rajaee sturgeon fish farm, Sari, Iran. The experiment commenced in June, 2009, when the fish were 24 months old with a mean weight of 1038 g (range, 866 -1166 g) and reached a mean weight of 2043 g (range, 1070 -2975 g) after 73 days rearing period. Mean total length in the beginning of study was 61.5 cm (range, 57 -65 cm) and finally increased to 71.1 cm (63 -79 cm) at the end of experiment.
The eighteen tanks (2 × 2 × 0.40 m, water volume: 1600-l) were located in Sari sturgeon fish farm, Iran. Each tank was stocked with 6 fishes and a total of 108 fishes were used in this study. Water inlet was about 10 L/min and all tanks were washed everyday. Fish were fed with Chine Co. (Tehran, Iran) pellet feed (36% protein, 14% fat, 20% carbohydrate, 10% ash, 4% fiber, 11% moisture) by 2% of body weight with the three times interval per day.
Throughout the experiment, water temperatures and pH in the tanks ranged from 21 -25°C and 7.9 -8.3, respectively. Dissolved oxygen levels ranged between 6.0 and 8.5 mg/L, with most recorded values higher than 7 mg/L. The water source was free of ammonia and nitrite.
All the fishes were acclimatized for a week under a manipulated photoperiod regimes. Fish received the six photoperiod regimes (light: dark cycle) including: natural photoperiod (control), 24L : 0D, 16L : 8D, 12L : 12D, 8L : 16D, and 0L : 24D by the three replications (tanks). The fifteen manipulated photoperiod tanks were covered by black nylon screens and the daylight lamps placed 1 m above tanks with controlling digital timers.
A random sample of three individuals per tank was taken in each biometric time for measuring the biometrical data. Specific growth rate (SGR) was calculated as (ln final weight−ln initial weight)/duration of experiment (days). Feed conversion ratio (FCR) was measured by (feed intake/body weight gain). The differences between groups were analyzed by using one-way ANOVA and Duncan's multiple range tests at P < 0.05.
RESULTS AND DISCUSSION
Weight and total length of beluga sturgeon in all photoperiod treatments during rearing days are shown in Figures 1 and 2 . Continuous light in treatment 2 (24L : 0D) caused a significant reduction in weight and total length of fish in days 22 and 73. Other photoperiod regimes including 16L: 8D, 12L: 12D, 8L: 16D, and natural photoperiod (control) showed an appropriate result in weight and total length.
Growth factors in all photoperiod regimes were compared in Table 1 . The treatment 5 (8L: 16D) gained greatest final weight (2194.4 g) after 73 rearing days and also, the treatments 4, 3 and 1 (12L: 12D, 16L: 8D, and Control) can be considered as the best photoperiod regimes for beluga sturgeon. The continuous light in treatment 2 (24L: 0D) significantly (P < 0.05) reduced the final weight of fish to 1804.2 g. The continuous dark at treatment 6 (0L: 24D) caused a similar reduction (1976.1 g) in final weight of fish (P < 0.05). Thus, culture of beluga sturgeon in both continuous light and dark is not compatible with the physiological condition of this species and result in a significant reduction in growth rate. Semenkova and Trenkler (1993) pointed out that mean weight of 4 month old beluga sturgeon H. huso exposed to a 24 h photoperiod was by 15% lower compared to a 16 h photoperiod, which was in accordance with our findings. On the contrary, Askarian and Kousha (2009) Afr. J. Biotechnol. showed that fish in exposure of continuous light (24L: 0D) has gained the highest weight (916.61 g), highest SGR (0.87) and the lowest FCR (1.5) among other photoperiod regimes.
Other sturgeon species showed different results. The highest growth rate of Acipenser nudiventris was observed under a 24 h photoperiod (Ponomarenko et al., 1992) . Kryuchkov and Obukhov (2006) studied the effect of photoperiod on the development of starlet Acipenser ruthenus and the weight of the fish exposed to 24 h photoperiod was 39% higher compared to control and the absence of light decreased the fish weight by 33%. The maximum growth rate of juvenile Siberian sturgeon, Acipenser baerii was in 12, 16, and 24 h photoperiod (Ruchin, 2007) . The exposure to darkness significantly decreased this index by 7.8-18.5% and under continuous illumination, this index insignificantly increased relative to control (Ruchin, 2007) .
The maximum specific growth rate (SGR) has been observed by an intermediate light/dark cycle (12L: 12D) with significant difference (P < 0.05) with other light conditions (Table 1 ). This photoperiodic regime showed a lowest feed conversion ratio (FCR, 1.40) among others, however, the treatment 5 (8L: 16D) has had the nearest values for SGR and FCR to this treatment. By contrast, the lowest SGR (0.78) and highest FCR (2.17) have been presented by the fish under continuous light (24L: 0D) ( Table 1 ). The highest growth rate and food utilization efficiency in Pagrus pagrus were recorded under 12 h photoperiod, while the negative growth was observed in the dark (Pavlidis et al., 1999) . The highest weight gain for European eel observed under 12 h light/dark regime and decreased food coefficient in the dark (Meske, 1982) .
The optimal light conditions increased the total food consumption and conversion by 5.0 -20.3% and 11.7-12.5%, respectively, for juvenile Siberian sturgeon (Ruchin, 2007) . As a result, regulated photoperiod significantly improve growth rate and food conversion ratio of beluga sturgeon.
